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Field of t h* Tnvantion 

This invention relates to a method and apparatus 
for fabricating microarrays of biological samples for 
large scale screening assays, such as arrays of DNA 
samples to be used in DNA hybridization assays for 
genetic research and diagnostic applications. 
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Background of the Invention 

A variety of methods are currently available for 
making arrays of biological macromolecules , such as 

10 arrays of nucleic acid molecules or proteins . One 
method for making ordered arrays of DNA on a porous 
membrane is a "dot blot" approach. In this method, a 
vacuum manifold transfers a plurality, e.g., 96, 
aqueous samples of DNA from 3 millimeter diameter wells 

15 to a porous membrane. A common variant of this 

procedure is a "slot-blot" method in which the wells 
have highly-elongated oval shapes. 

The DNA is immobilized on the porous membrane by 
baking the membrane or exposing it to UV radiation. 

20 This is a manual procedure practical for making one 

array at a time and usually limited to 96 samples per 
array. "Dot-blot" procedures are therefore inadequate 
for applications in which many thousand samples must be 
determined. 

25 A more efficient technique employed for making 

ordered arrays of genomic fragments uses an array of 
pins dipped into the wells, e.g., the 96 wells of a 
microtitre plate, for transferring an array of samples 
to a substrate, such as a porous membrane. One array 

30 includes pins that are designed to spot a membrane in a 
staggered fashion, for creating an array of 9216 spots 
in a 22 x 22 cm area (Lehrach, et al., 1990). A 
limitation with this approach is that the volume of DNA 
spotted in each pixel of each array is highly variable. 
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In addition, the number of arrays that can be made with 
each dipping is usually quite small. 

An alternate method of creating ordered arrays of 
nucleic acid sequences is described by Pirrung, et al. 
5 (1992) , and also by Fodor, et al. (1991), The method 
involves synthesizing different nucleic acid sequences 
at different discrete regions of a support. This 
method employs elaborate synthetic schemes, and is 
generally limited to relatively short nucleic acid 

10 sample, e.g., less than 20 bases. A related method has 
been described by Southern, et al. (1992). 

Khrapko, et al. (1991) describes a method of 
making an oligonucleotide matrix by spotting DNA onto a 
thin layer of po ly aery 1 amide. The spotting is done 

15 manually with a micropipette. 

None of the methods or devices described in the 
prior art are designed for mass fabrication of 
microarrays characterized by (i) a large number of 
micro-sized assay regions separated by a distance of 

20 50-200 microns or less, and (ii) a well-defined amount, 
typically in the picomole range, of analyte associated 
with each region of the array. 

Furthermore, current technology is directed at 
performing such assays one at a time to a single array 

25 of DNA molecules. For example, the most common method 
for performing DNA hybridizations to arrays spotted 
onto porous membrane involves sealing the membrane in a 
plastic bag (Maniatas, et al., 1989) or a rotating 
glass cylinder (Robbins Scientific) with the labeled 

30 hybridization probe inside the sealed chamber. For 
arrays made on non-porous surfaces, such as a 
microscope slide, each array is incubated with the 
labeled hybridization probe sealed under a coverslip. 
These techniques require a separate sealed chamber for 
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each array which makes the screening and handling of 
many such arrays inconvenient and time intensive . 

Abouzied, et al. (1994) describes a method of 
printing horizontal lines of antibodies on a 
5 nitrocellulose membrane and separating regions of the 
membrane with vertical stripes of a hydrophobic 
material. Each vertical stripe is then reacted with a 
different antigen and the reaction between the 
immobilized antibody and an antigen is detected using a 

10 standard ELISA colorimetric technique. Abouzied 's 
technique makes it possible to screen many one- 
dimensional arrays simultaneously on a single sheet of 
nitrocellulose. Abouzied makes the nitrocellulose 
somewhat hydrophobic using a line drawn with PAP Pen 

15 (Research Products International) . However Abouzied 
does not describe a technology that is capable of 
completely sealing the pores of the nitrocellulose. The 
pores of the nitrocellulose are still physically open 
and so the assay reagents can leak through the 

20 hydrophobic barrier during extended high temperature 
incubations or in the presence of detergents which 
makes the Abouzied technique unacceptable for DNA 
hybridization assays. 

Porous membranes with printed patterns of 

25 hydrophilic/hydrophobic regions exist for applications 
such as ordered arrays of bacteria colonies. QA Life 
Sciences (San Diego CA) makes such a membrane with a 
grid pattern printed on it. However, this membrane has 
the same disadvantage as the Abouzied technique since 

30 reagents can still flow between the gridded arrays 
making them unusable for separate DNA hybridization 
assays . 

Pall Corporation make a 96-well plate with a 
porous filter heat sealed to the bottom of the plate. 
35 These plates are capable of containing different 
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reagents in each well without cross-contamination. 
However, each well is intended to hold only one target 
element whereas the invention described here makes a 
microarray of many biomolecules in each subdivided 
5 region of the solid support. Furthermore, the 96 well 
plates are at least 1 cm thick and prevent the use of 
the device for many colorimetric, fluorescent and 
radioactive detection formats which require that the 
membrane lie flat against the detection surface. The 

10 invention described here requires no further processing 
after the assay step since the barriers elements are 
shallow and do not interfere with the detection step 
thereby greatly increasing convenience. 

Hyseq Corporation has described a method of making 

15 an "array of arrays" on a non-porous solid support for 
use with their sequencing by hybridization technique. 
The method described by Hyseq involves modifying the 
chemistry of the solid support material to form a 
hydrophobic grid pattern where each subdivided region 

20 contains a microarray of biomolecules. Hyseq 's flat 
hydrophobic pattern does not make use of physical 
blocking as an additional means of preventing cross 
contamination • 

25 anmmm^ Y of the Invention 

The invention includes, in one aspect, a method of 
forming a microarray of analyte-assay regions on a 
solid support, where each region in the array has a 
known amount of a selected, analyte-specif ic reagent. 

30 The method involves first loading a solution of a 
selected analyte-specif ic reagent in a reagent- 
dispensing device having an elongate capillary channel 
(i) formed by spaced-apart , coextensive elongate 
members, (ii) adapted to hold a quantity of the reagent 

35 solution and (iii) having a tip region at which aqueous 
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solution in the channel forms a meniscus. The channel 
is preferably formed by a pair of spaced-apart tapered 
elements. 

The tip of the dispensing device is tapped against 
5 a solid support at a defined position on the support 

surface with an impulse effective to break the meniscus 
in the capillary channel deposit a selected volume of 
solution on the surface, preferably a selected volume 
in the range 0.01 to 100 nl. The two steps are 

10 repeated until the desired array is formed. 

The method may be practiced in forming a plurality 
of such arrays, where the solution-depositing step is 
are applied to a selected position on each of a 
plurality of solid supports at each repeat cycle. 

15 The dispensing device may be loaded with a new 

solution, by the steps of (i) dipping the capillary 
channel of the device in a wash solution, (ii) removing 
wash solution drawn into the capillary channel, and 
(iii) dipping the capillary channel into the new 

20 reagent solution. 

Also included in the invention is an automated 
apparatus for forming a microarray of analyte-assay 
regions on a plurality of solid supports, where each 
region in the array has a known amount of a selected, 

25 analyte-specific reagent. The apparatus has a holder 
for holding, at known positions, a plurality of planar 
supports, and a reagent dispensing device of the type 
described above. 

The apparatus further includes positioning 

30 structure for positioning the dispensing device at a 
selected array position with respect to a support in 
said holder, and dispensing structure for moving the 
dispensing device into tapping engagement against a 
support with a selected impulse effective to deposit a 
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selected volume on the support, e.g., a selected volume 
in the volume range 0.01 to 100 nl. 

The positioning and dispensing structures are 
controlled by a control unit in the apparatus. The 
5 unit operates to (i) place the dispensing device at a 
loading station, (ii) move the capillary channel in the 
device into a selected reagent at the loading station, 
to load the dispensing device with the reagent, and 
(iii) dispense the reagent at a defined array position 

10 on each of the supports on said holder. The unit may 
further operate, at the end of a dispensing cycle, to 
wash the dispensing device by (i) placing the 
dispensing device at a washing station, (ii) moving the 
capillary channel in the device into a wash fluid, to 

15 load the dispensing device with the fluid, and (iii) 
remove the wash fluid prior to loading the dispensing 
device with a fresh selected reagent. 

The dispensing device in the apparatus may be one 
of a plurality of such devices which are carried on the 

20 arm for dispensing different analyte assay reagents at 
selected spaced array positions. 

In another aspect, the invention includes a 
substrate with a surf ace having a microarray of at 
least 10 3 distinct polynucleotide or polypeptide 

25 biopolymers in a surface area of less than about 1 cm 2 . 
Each distinct biopolymer (i) is disposed at a separate, 
defined position in said array, (ii) has a length of at 
least 50 subunits, and (iii) is present in a defined 
amount between about 0.1 femtomoles and 100 nanomoles. 

30 In one embodiment, the surface is glass slide 

surface coated with a polycationic polymer, such as 
poly lysine, and the biopolymers are polynucleotides. 
In another embodiment, the substrate has a water- 
impermeable backing, a water-permeable film formed on 
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the backing, and a grid formed on the film. The grid 
is composed of intersecting water- impervious grid 
elements extending from said backing to positions 
raised above the surface of said film, and partitions 
5 the film into a plurality of water -impervious cells. A 
biopolymer array is formed within each well. 

More generally, there is provided a substrate for 
use in detecting binding of labeled polynucleotides to 
one or more of a plurality different-sequence, • 

10 immobilized polynucleotides. The substrate includes, 
in one aspect, a glass support, a coating of a 
polycationic polymer, such as poly lysine, on said 
surface of the support, and an array of distinct 
polynucleotides electrostatically bound hon-covalently 

15 to said coating, where each distinct biopolymer is 

disposed at a separate, defined position in a surface 
array of polynucleotides. 

In another aspect, the substrate includes a water- 
impermeable backing, a water-permeable film formed on 

20 the backing, and a grid formed on the film, where the 
grid is composed of intersecting water-impervious grid 
elements extending from the backing to positions raised 
above the surface of the film, forming a plurality of 
cells. A biopolymer array is formed within each cell. 

25 Also forming part of the invention is a method of 

detecting differential expression of each of a 
plurality of genes in a first cell type, with respect 
to expression of the same genes in a second cell type. 
In practicing the method, there is first produced 

30 fluorescent-labeled cDNA's from mRNA's isolated from 
the two cells types, where the cDNA'S from the first 
and second cells are labeled with first and second 
different fluorescent reporters. 

A mixture of the labeled cDNA's from the two cell 

35 types is added to an array of polynucleotides 
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representing a plurality of known genes derived from 
the two cell types, under conditions that result in 
hybridization of the cDNA's to complementary-sequence 
polynucleotides in the array. The array is then 
5 examined by fluorescence under fluorescence excitation 
conditions in which (i) polynucleotides in the array 
that are hybridized predominantly to cDNA's derived 
from one of the first and second cell types give a 
distinct first or second fluorescence emission color, 

10 respectively, and (ii) polynucleotides in the array 

that are hybridized to substantially equal numbers of 
cDNA's derived from the first and second cell types 
give a distinct combined fluorescence emission color, 
respectively. The relative expression of known genes 

15 in the two cell types can then be determined by the 
observed fluorescence emission color of each spot. 

These and other objects and features of the 
invention will become more fully apparent when the 
following detailed description of the invention is read 

20 in conjunction with the accompanying figures. 

Brief Desc ription of the Drawings 

Fig. 1 is a side view of a reagent-dispensing 
device having a open-capillary dispensing head 
25 constructed for use in one embodiment of the invention; 

Figs. 2A-2C illustrate steps in the delivery of a 
f ixed-volume bead on a hydrophobic surface employing 
the dispensing head from Fig. 1, in accordance with one 
embodiment of the method of the invention; 
30 Fig. 3 shows a portion of a two-dimensional array 

of analyte-assay regions constructed according to the 
method of the invention; 

Fig. 4 is a planar view showing components of an 
automated apparatus for forming arrays in accordance 
35 with the invention. 
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Fig. 5 shows a fluorescent image of an actual 20 x 
20 array of 400 f luorescently-labeled DNA samples 
immobilized on a poly-l-lysine coated slide, where the 
total area covered by the 400 element array is 16 
5 square millimeters; 

Fig. 6 is a fluorescent image of a 1.8 cm x 1.8 cm 
microarray containing lambda clones with yeast inserts, 
the fluorescent signal arising from the hybridization 
to the array with approximately half the yeast genome 

10 labeled with a green f luorophore and the other half 
with a red f luorophore; 

Fig. 7 shows the translation of the hybridization 
image of Fig. 6 into a karyotype of the yeast genome, 
where the elements of Fig. -6 microarray contain yeast 

15 DNA sequences that have been previously physically 
mapped in the yeast genome; 

Fig. 8 show a fluorescent image ofa0.5cmx0.5 
cm microarray of 24 cDNA clones, where the microarray 
was hybridized simultaneously with total cDNA from wild 

20 type AraJbidopsis plant labeled with a green f luorophore 
and total cDNA from a transgenic Arabidopsis plant 
labeled with a red f luorophore, and the arrow points to 
the cDNA clone representing the gene introduced into 
the transgenic Arabidopsis plant; 

25 Fig. 9 shows a plan view of substrate having an 

array of cells formed by barrier elements in the form 
of a grid; 

Fig, 10 shows an enlarged plan view of one of the 
cells in the substrate in Fig. 9, showing an array of 
30 polynucleotide regions in the cell; 

Fig. 11 is an enlarged sectional view of the 
substrate in Fig* 9, taken along a section line in that 
figure; and 

Fig. 12 is a scanned image of a 3 cm x 3 cm 
35 nitrocellulose solid support containing four identical 
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arrays of M13 clones in each of four quadrants, where 
each quadrant was hybridized simultaneously to a 
different oligonucleotide using an open face 
hybridization method. 

5 

Detailed Description of the Invention 

i- PsfinitXQng 

Unless indicated otherwise, the terms defined 
below have the following meanings: 

10 "Ligand" refers to one member of a ligand/anti- 

ligand binding pair. The ligand may be, for example, 
one of the nucleic acid strands in a complementary, 
hybridized nucleic acid duplex binding pair; an 
effector molecule in an effector /receptor binding pair; 

15 or an antigen in an antigen/ antibody or 
antigen/ antibody fragment binding pair. 

"Antiligand" refers to the opposite member of a 
ligand/anti-ligand binding pair. The antiligand may be 
the other of the nucleic acid strands in a 

20 complementary, hybridized nucleic acid duplex binding 
pair; the receptor molecule in an effector /receptor 
binding pair; or an antibody or antibody fragment 
molecule in antigen/ antibody or antigen/ antibody 
fragment binding pair, respectively. 

25 "Analyte" or "analyte molecule" refers to a 

molecule, typically a macromolecule, such as a 
polynucleotide or polypeptide, whose presence, amount, 
and/ or identity are to be determined. The analyte is 
one member of a ligand/anti-ligand pair. 

30 "Analyte-specific assay reagent" refers to a 

molecule effective to bind specifically to an analyte 
molecule. The reagent is the opposite member of a 
ligand/anti-ligand binding pair. 

An "array of regions on a solid support" is a 

35 linear or two-dimensional array of preferably discrete 
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regions, each having a finite area, formed on the 
surface of a solid support. 

A "microarray" is an array of regions having a 
density of discrete regions of at least about 100/cm 2 , 
5 and preferably at least about 1000 /cm 2 . The regions in 
a microarray have typical dimensions, e.g., diameters, 
in the range of between about 10-250 /xm, and are 
separated from other regions in the array by about the 
same distance. 

10 A support surface is "hydrophobic" if a aqueous- 

medium droplet applied to the surface does not spread 
out substantially beyond the area size of the applied 
droplet. That is, the surface acts to prevent 
spreading of the droplet applied to the surface by 

15 hydrophobic interaction with the droplet. 

A "meniscus" means a concave or convex surface 
that forms on the bottom of a liquid in a channel as a 
result of the surface tension of the liquid. 

"Distinct biopolymers", as applied to the 

20 biopolymers forming a microarray, means an array member 
which is distinct from other array members on the basis 
of a different biopolymer sequence, and/or different 
concentrations of the same or distinct biopolymers, 
and/or different mixtures of distinct or different- 

25 concentration biopolymers. Thus an array of "distinct 
polynucleotides" means an array containing, as its 
members, (i) distinct polynucleotides, which may have a 
defined amount in each member, (ii) different, graded 
concentrations of given-sequence polynucleotides, 

30 and/or (iii) different-composition mixtures of two or 
more distinct polynucleotides. 

"Cell type" means a cell from a given source, 
e.g., a tissue, or organ, or a cell in a given state of 



WO 95/35505 



PCT/US95/07659 



13 

differentiation, or a cell associated with a given 
pathology or genetic makeup. 

II. Method of Microarray Formation 
5 This section describes a method of forming a 

microarray of analyte-assay regions on a solid support 
or substrate, where each region in the array has a 
known amount of a selected, analyte-specif ic reagent. 
Fig. 1 illustrates, in a partially schematic view, 

10 a reagent-dispensing device 10 useful in practicing the 
method. The device generally includes a reagent 
dispenser 12 having an elongate open capillary channel 
14 adapted to hold a quantity of the reagent solution, 
such as indicated at 16, as will be described below. 

15 The capillary channel is formed by a pair of spaced- 

apart, coextensive, elongate members 12a, 12b which are 
tapered toward one another and converge at a tip or tip 
region 18 at the lower end of the channel. More 
generally, the open channel is formed by at least two 

20 elongate, spaced-apart members adapted to hold a 

quantity of reagent solutions and having a tip region 
at which aqueous solution in the channel forms a 
meniscus, such as the concave meniscus illustrated at 
20 in Fig. 2A. The advantages of the open channel 

25 construction of the dispenser are discussed below. 

With continued reference to Fig. 1, the dispenser 
device also includes structure for moving the dispenser 
rapidly toward and away from a support surface, for 
effecting deposition of a known amount of solution in 

30 the dispenser on a support, as will be described below 
with reference to Figs. 2A-2C. In the embodiment 
shown, this structure includes a solenoid 22 which is 
activatable to draw a solenoid piston 24 rapidly 
downwardly, then release the piston, e.g., under spring 

35 bias, to a normal, raised position, as shown. The 
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dispenser is carried on the piston by a connecting 
member 26, as shown. The just-described moving 
structure is also referred to herein as dispensing 
means for moving the dispenser into engagement with a 
5 solid support, for dispensing a known volume of fluid 
on the support. 

The dispensing device just described is carried on 
an arm 28 that may be moved either linearly or in an x- 
y plane to position the dispenser at a selected 

10 deposition position, as will be described. 

Figs. 2A-2C illustrate the method of depositing a 
known amount of reagent solution in the just-described 
dispenser on the surface of a solid support, such as 
the support indicated at 30. The support is a polymer, 

15 glass, or other solid-material support having a surface 
indicated at 31. 

In one general embodiment, the surface is a 
relatively hydrophilic, i.e., wettable surface, such as 
a surface having native, bound or covalently attached 

20 charged groups. On such surface described below is a 
glass surface having an absorbed layer of a 
polycationic polymer, such as poly-1- lysine. 

In another embodiment, the surface has or is 
formed to have a relatively hydrophobic character, 

25 i.e., one that causes aqueous medium deposited on the 
surface to bead. A variety of known hydrophobic 
polymers, such as polystyrene, polypropylene, or 
polyethylene have desired hydrophobic properties, as do 
glass and a variety of lubricant or other hydrophobic 

30 films that may be applied to the support surface. 

Initially, the dispenser is loaded with a selected 
analyte-specific reagent solution, such as by dipping 
the dispenser tip, after washing, into a solution of 
the reagent, and allowing filling by capillary flow 

35 into the dispenser channel. The dispenser is now moved 
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to a selected position with respect to a support 
surface, placing the dispenser tip directly above the 
support-surface position at which the reagent is to be 
deposited . This movement takes place with the 
5 dispenser tip in its raised position, as seen in Fig. 
2A, where the tip is typically at least several 1-5 mm 
above the surface of the substrate. 

With the dispenser so positioned, solenoid 22 is 
now activated to cause the dispenser tip to move 

10 rapidly toward and away from the substrate surface, 
making momentary contact with the surface, in effect, 
tapping the tip of the dispenser against the support 
surface. The tapping movement of the tip against the 
surface acts to break the liquid meniscus in the tip 

15 channel, bringing the liquid in the tip into contact 
with the support surface. This, in turn, produces a 
flowing of the liquid into the capillary space between 
the tip and the surface, acting to draw liquid out of 
the dispenser channel, as seen in Fig. 2B. 

20 Fig. 2C shows flow of fluid from the tip onto the 

support surface, which in this case is a hydrophobic 
surface. The figure illustrates that liquid continues 
to flow from the dispenser onto the support surface 
until it forms a liquid bead 32. At a given bead size, 

25 i.e., volume, the tendency of liquid to flow onto the 
surface will be balanced by the hydrophobic surface 
interaction of the bead with the support surface, which 
acts to limit the total bead area on the surface, and 
by the surface tension of the droplet, which tends 

30 toward a given bead curvature. At this point, a given 
bead volume will have formed, and continued contact of 
the dispenser tip with the bead, as the dispenser tip 
is being withdrawn, will have little or no effect on 
bead volume. 
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For liquid-dispensing on a more hydrophilic 
surface, the liquid will have less of a tendency to 
bead, and the dispensed volume will be more sensitive 
to the total dwell time of the dispenser tip in the 
5 immediate vicinity of the support surface, e.g., the 
positions illustrated in Figs. 2B and 2C. 

The desired deposition volume, i.e., bead volume, 
formed by this method is preferably in the range 2 pi 
(picoliters) to 2 nl (nanoliters) , although volumes as 

10 high as 100 nl or more may be dispensed. It will be 
appreciated that the selected dispensed volume will 
depend on (i) the "footprint" of the dispenser tip, 
i.e., the size of the area spanned by the tip, (ii) the 
hydrophobicity of the support surface, and (iii) the 

15 time of contact with and rate of withdrawal of the tip 
from the support surface. In addition, bead size may 
be reduced by increasing the viscosity of the medium, 
effectively reducing the flow time of liquid from the 
dispenser onto the support surface. The drop size may 

20 be further constrained by depositing the drop in a 
hydrophilic region surrounded by a hydrophobic grid 
pattern on the support surface. 

In a typical embodiment, the dispenser tip is 
tapped rapidly against the support surface, with a 

25 total residence time in contact with the support of 
less than about 1 msec, and a rate of upward travel 
from the surface of about 10 cm/sec. 

Assuming that the bead that forms on contact with 
the surface is a hemispherical bead, with a diameter 

30 approximately equal to the width of the dispenser tip, 
as shown in Fig. 2C, the volume of the bead formed in 
relation to dispenser tip width (d) is given in Table 1 
below. As seen, the volume of the bead ranges between 
2 pi to 2 nl as the width size is increased from about 

35 20 to 200 /im. 
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Table 1 



I d 


Volume (nl) 


| 20 Jim 


2 x 10 3 


50 /im 


3.1 x 10* 2 


100 Aim 


2.5 x 10" 1 


200 


. I 



10 At a given tip size, bead volume can be reduced in 

a controlled fashion by increasing surface 
hydrophobicity, reducing time of contact of the tip 
with the surface, increasing rate of movement of the 
tip away from the surface, and/or increasing the 

15 viscosity of the medium. Once these parameters are 

fixed, a selected deposition volume in the desired pi 
to nl range can be achieved in a repea table fashion. 

After depositing a bead at one selected location 
on a support, the tip is typically moved to a 

20 corresponding position on a second support, a droplet 
is deposited at that position, and this process is 
repeated until a liquid droplet of the reagent has been 
deposited at a selected position on each of a plurality 
of supports. 

25 The tip is then washed to remove the reagent 

liquid, filled with another reagent liquid and this 
reagent is now deposited at each another array position 
on each of the supports. In one embodiment, the tip is 
washed and refilled by the steps of (i) dipping the 

30 capillary channel of the device in a wash solution, 
(ii) removing wash solution drawn into the capillary 
channel, and (iii) dipping the capillary channel into 
the new reagent solution. 

From the foregoing, it will be appreciated that 

35 the tweezers-like, open-capillary dispenser tip 
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provides the advantages that (i) the open channel of 
the tip facilitates rapid, efficient washing and drying 
before reloading the tip with a new reagent, (ii) 
passive capillary action can load the sample directly 
5 from a standard microwell plate while retaining 

sufficient sample in the open capillary reservoir for 
the printing of numerous arrays, (iii) open capillaries 
are less prone to clogging than closed capillaries, and 
(iv) open capillaries do not require a perfectly faced 

10 bottom surface for fluid delivery* 

A portion of a microarray 36 formed on the surface 
38 of a solid support 40 in accordance with the method 
just described is shown in Fig. 3. The array is formed 
of a plurality of analyte-specif ic reagent regions, 

15 such as regions 42, where each region may include a 
different analyte-specif ic reagent. As indicated 
above, the diameter of each region is preferably 
between about 20-200 pm. The spacing between each 
region and its closest (non-diagonal) neighbor, 

20 measured from center-to-center (indicated at 44) , is 

preferably in the range of about 20-400 Thus, for 

example, an array having a center-to-center spacing of 
about 250 Mm contains about 40 regions/cm or 1,600 
regions/cm 2 . After formation of the array, the support 

25 is treated to evaporate the liquid of the droplet 

forming each region, to leave a desired array of dried, 
relatively flat regions. This drying may be done by 
heating or under vacuum. 

In some cases, it is desired to first rehydrate 

30 the droplets containing the analyte reagents to allow 
for more time for adsorption to the solid support. It 
is also possible to spot out the analyte reagents in a 
humid environment so that droplets do not dry until the 
arraying operation is complete. 



WO 95/35505 



PCIYUS95/07659 



19 

III. Automated Apparatus for Forming Arrays 

In another aspect, the invention includes an 
automated apparatus for forming an array of analyte- 
assay regions on a solid support, where each region in 
5 the array has a known amount of a selected, analyte- 
specific reagent. 

The apparatus is shown in planar, and partially 
schematic view in Fig. 4. A dispenser device 72 in the 
apparatus has the basic construction described above 

10 with respect to Fig. 1, and includes a dispenser 74 

having an open-capillary channel terminating at a tip, 
substantially as shown in Figs. 1 and 2A-2C. 

The dispenser is mounted in the device for 
movement toward and away from a dispensing position at 

15 which the tip of the dispenser taps a support surface, 
to dispense a selected volume of reagent solution, as 
described above. This movement is effected by a 
solenoid 76 as described above. Solenoid 76 is under 
the control of a control unit 77 whose operation will 

20 be described below. The solenoid is also referred to 
herein as dispensing means for moving the device into 
tapping engagement with a support, when the device is 
positioned at a defined array position with respect to 
that support. 

25 The dispenser device is carried on an arm 74 which 

is threadedly mounted on a worm screw 80 driven 
(rotated) in a desired direction by a stepper motor 82 
also under the control of unit 77. At its left end in 
the figure screw 80 is carried in a sleeve 84 for 

30 rotation about the screw axis. At its other end, the 
screw is mounted to the drive shaft of the stepper 
motor, which in turn is carried on a sleeve 86. The 
dispenser device, worm screw, the two sleeves mounting 
the worm screw, and the stepper motor used in moving 

35 the device in the "x" (horizontal) direction in the 
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figure form what is referred to here collectively as a 
displacement assembly 86. 

The displacement assembly is constructed to 
produce precise, micro-range movement in the direction 
5 of the screw, i.e., along an x axis in the figure. In 
one mode, the assembly functions to move the dispenser 
in x-axis increments having a selected distance in the 
range 5-25 fim. In another mode, the dispenser unit may 
be moved in precise x-axis increments of several 
10 microns or more,; for positioning the dispenser at 

associated positions on adjacent supports, as will be 

described below. 

The displacement assembly, in turn, is mounted for 
movement in the "y" (vertical) axis of the figure, for 

15 positioning the dispenser at a selected y axis 

position. The structure mounting the assembly includes 
a fixed rod 88 mounted rigidly between a pair of frame 
bars 90, 92, and a worm screw 94 mounted for rotation 
between a pair of frame bars 96, 98. The worm screw is 

20 driven (rotated) by a stepper motor 100 which operates 
under the control of unit 77. The motor is mounted on 
bar 96, as shown. 

The structure just described, including worm screw 
94 and motor 100, is constructed to produce precise, 

25 micro-range movement in the direction of the screw, 
i.e., along an y axis in the figure. As above, the 
structure functions in one mode to move the dispenser 
in y-axis increments having a selected distance in the 
range 5-250 fm, and in a second mode, to move the 

30 dispenser in precise y-axis increments of several 

microns (/im) or more, for positioning the dispenser at 
associated positions on adjacent supports. 

The displacement assembly and structure for moving 
this assembly in the y axis are referred to herein 

35 collectively as positioning means for positioning the 
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dispensing device at a selected array position with 
respect to a support. 

A holder 102 in the apparatus functions to hold a 
plurality of supports, such as supports 104 on which 
5 the microarrays of regent regions are to be formed by 
the apparatus. The holder provides a number of 
recessed slots, such as slot 106, which receive the 
supports, and position them at precise selected 
positions with respect to the frame bars on which the 

10 dispenser moving means is mounted. 

As noted above, the control unit in the device 
functions to actuate the two stepper motors and 
dispenser solenoid in a sequence designed for automated 
operation of the apparatus in forming a selected 

15 microarray of reagent regions on each of a plurality of 
supports . 

The control unit is constructed, according to 
conventional microprocessor control principles, to 
provide appropriate signals to each of the solenoid and 

20 each of the stepper motors, in a given timed sequence 
and for appropriate signalling time. The construction 
of the unit, and the settings that are selected by the 
user to achieve a desired array pattern, will be 
understood from the following description of a typical 

25 apparatus operation. 

Initially, one or more supports are placed in one 
or more slots in the holder. The dispenser is then 
moved to a position directly above a well (not shown) 
containing a solution of the first reagent to be 

30 dispensed on the support (s). The dispenser solenoid is 
actuated now to lower the dispenser tip into this well, 
causing the capillary channel in the dispenser to fill. 
Motors 82, 100 are now actuated to position the 
dispenser at a selected array position at the first of 

35 the supports. Solenoid actuation of the dispenser is 
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then effective to dispense a selected-volume droplet of 
that reagent at this location. As noted above, this 
operation is effective to dispense a selected volume 
preferably between 2 pi and 2 nl of the reagent 
5 solution. 

The dispenser is now moved to the corresponding 
position at an adjacent support and a similar volume of 
the solution is dispensed at this position. The 
process is repeated until the reagent has been * 

10 dispensed at this preselected corresponding position on 
each of the supports. 

Where it is desired to dispense a single reagent 
at more than two array positions on a support, the 
dispenser may be moved to different array positions at 

15 each support, before moving the dispenser to a new 
support, or solution can be dispensed at individual 
positions on each support, at one selected position, 
then the cycle repeated for each new array position. 
To dispense the next reagent, the dispenser is 

20 positioned over a wash solution (not shown) , and the 
dispenser tip is dipped in and out of this solution 
until the reagent solution has been substantially 
washed from the tip. Solution can be removed from the 
tip, after each dipping, by vacuum, compressed air 

25 spray, sponge, or the like. 

The dispenser tip is now dipped in a second 
reagent well, and the filled tip is moved to a second 
selected array position in the first support. The 
process of dispensing reagent at each of the 

30 corresponding second-array positions is then carried as 
above. This process is repeated until an entire 
microarray of reagent solutions on each of the supports 
has been formed. 



35 IV. Microarra v Substrate 
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This section describes embodiments of a substrate 
having a microarray of biological polymers carried on 
the substrate surface. Subsection A describes a multi- 
cell substrate, each cell of which contains a 
5 microarray, and preferably an identical microarray, of 
distinct biopolymers, such as distinct polynucleotides, 
formed on a porous surface. Subsection B describes a 
microarray of distinct polynucleotides bound on a glass 
slide coated with a polycat ionic polymer. 

10 

a. Hulti-CgU substrat? 

Fig. 9 illustrates, in plan view, a substrate 110 
constructed according to the invention. The substrate 
has an 8 x 12 rectangular array 112 of cells, such as 

15 cells 114, 116, formed on the substrate surface. With 
reference to Fig. 10, each cell, such as cell 114, in 
turn supports a microarray 118 of distinct biopolymers, 
such as polypeptides or polynucleotides at known, 
addressable regions of the microarray. Two such 

20 regions forming the microarray are indicated at 120, 

and correspond to regions, such as regions 42, forming 
the microarray of distinct biopolymers shown in Fig. 3. 

The 96-cell array shown in Fig. 9 has typically 
array dimensions between about 12 and 244 mm in width 

25 and 8 and 400 mm in length, with the cells in the array 
having width and length dimension of 1/12 and 1/8 the 
array width and length dimensions, respectively, i.e., 
between about 1 and 20 in width and 1 and 50 mm in 
length. 

30 The construction of substrate is shown cross- 

sect ionally in Fig. 11, which is an enlarged sectional 
view taken along view line 124 in Fig. 9. The 
substrate includes a water- impermeable backing 126, 
such as a glass slide or rigid polymer sheet. Formed 

35 on the surface of the backing is a water-permeable film 
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128. The film is formed of a porous membrane material , 
such as nitrocellulose membrane, or a porous web 
material, such as a nylon, polypropylene, or PVDF 
porous polymer material. The thickness of the film is 
5 preferably between about 10 and 1000 pm. The film may 
be applied to the backing by spraying or coating 
uncured material on the backing, or by applying a 
preformed membrane to the backing. The backing and 
film may be obtained as a preformed unit from 

10 commercial source, e.g., a plastic-backed 

nitrocellulose film available from Schleicher and 
Schuell Corporation. 

With continued reference to Fig. 11/ the film- 
covered surface in the substrate is partitioned into a 

15 desired array of cells by water-impermeable grid lines, 
such as lines 130, 132, which have infiltrated the film 
down to the level of the backing, and extend above the 
surface of the film as shown, typically a distance of 
100 to 2000 jra above the film surface. 

20 The grid lines are formed on the substrate by 

laying down an uncured or otherwise f lowable resin or 
elastomer solution in an array grid, allowing the 
material to infiltrate the porous film down to the 
backing, then curing or otherwise hardening the grid 

25 lines to form the cell-array substrate. 

One preferred material for the grid is a f lowable 
silicone available from Loctite Corporation. The 
barrier material can be extruded through a narrow 
syringe (e.g., 22 gauge) using air pressure or 

30 mechanical pressure. The syringe is moved relative to 
the solid support to print the barrier elements as a 
grid pattern. The extruded bead of silicone wicks into 
the pores of the solid support and cures to form a 
shallow waterproof barrier separating the regions of 

35 the solid support. 
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In .iterative .■bodi.e-ts. «« ""1"^^ 

. • _ t rw a thermoset material 
can be a wax-based material or a ther. ^ 

such a, epoxy. The barrier \ £ter being 

curing polymer which is exposed *° ™£> M 
printed onto the solid support- The ^ 

. ay also be ^^J^Zr^. The barrier 
techniques such as sil* «= P g ^ ^ pW . 

material »ay also be a heat s 

solid support which r^Ter Tterial may 

rrrrsr^. - — - — - 

adhered to the solid nitrooel i„lose, the 

In addition to plastic-bacXea ni with 

eolid support can be virtue 11, , any ^ ^.re 
or without a non-porous backing. " ^ 

readily available fn numerous _ 

f rom nylon. ^Tm^^-^ — - 

alternative «abodiment, the barrie „,„ 
us .d to adhere the porous membrane to a non^P 

• .Miti™ to functioning as a barrier to 
backing in addition to run „agents. 

« be o f a non-porous mater.1 ^ = - « 

printed either before or after the mi 
^molecules is printed » - ^by _ 

As can be appreciated, the cex 

lines and the «" 
impermeable, * £ ^"/.fined-volume samples 

porous t llm in ^ risX of cross- 

c ,„ be placed i each ^ ^ aaJacent ^ 

contamination witn BaB r sample 
in Fig. 11. refined volumes samples, such 
13 4, are shown in the cells^ ^ microa rray of 

As noted above, each -U effibodiment , the 

5 distinct biopolymers. In one gen 
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«, in the well are identical arrays of 
nucroarrays in the w differcnt sequence 

distinct biopolymers, e.g., dK ^ 
polynucleotides. Such arrays II( by 

Accordance with «* — 

depositing a first of the cells, then 

selected microarray position i dif feren t 

depositing a second P*^*^\£ so on until a 
Ccroarray position in each well and ^ ^ 

complete, identical microarray i 'J™ my , 

contains about 10> distinct p yn ^ ^ 

polW^^^^^^. the 

about 1 cm>. Also in a preferr ^ ^ a 

Copolymers in each microarray -g ^ ^ ^ 

defi ned amount between about - ^ arrays of 

nanomoles. The ability to to ^ ^ 

copolymers, <^ ^ - 

defined amount of depOSlte * ay _ f ormi „g method 

in accordance with the microarray form 

described in Section 11^ ^ Copolymers 

Also in a preferred emoo 5Q 
are polynucleotides having lengths eotides 

bp, i.e., ^"^^Z^ arrays by schemes 
which can he formed synthe sis on the 

; involving parallel, step w 

array surface. polynucle otide array, in an assay 

In the case of a poly ^ probe 

procedure, a small volume of the ^ 

— r \rr sorrri - -~ - 

0 onto each cell. Tne ^ ba rrier elements. 

entire microarray and d in a humid chamber 

The solid support is then requir ed by the 

at the appropriate temperature as 
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Ea = h assay -ay be conducted in an "^""^f^ 

hydrated by the water vapor 30lia 
the conclusion ot the incubate ^ 

- * - numerous microarrays a» 

support containing the numer ^ ^ no 

quickly enough to dilute the ***** * 9 entire 

significant cross — reagents 

solid support is then reacted with 

if needed and analyzed using standard color 

it neeueu detection means. All . 

radioactive or fluorescent detectio 

th. .icroarrays on th. solid support. 



20 



— Polvn irH-n 

' £Ia£§-iU formed according to 

5 TZ "theTnv^io and intended for use 

another aspect of the "~*V lynuol eotide. to one 

in meeting ^yldeotides. The 

or more of a plurality ha ving formed 

1 —- * liroftrotycationic 
on its surface, a coating of a P y lylysine 

preferably a cationic ^^^J c coating is 
or polyarginine. *o»ed on_ MOh 

, .icroarray 140 of ™^£T„ qioas , such as 
localised at known selected array reg 

^rlude is coated by placing a ----- 

o£ a polycati-c ^ fill to for. a 

the surface of a slide a nic polyBer 

aried coating. The amount^ of P J Mnolayer of 
aMe d is sufficient^ o «~ « ^ ^ f ^ is 

STS s^-vU electrostatic binding between 
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t-he surface and charged 
nega tive silyl-OH ^fJ^po.y-X-lysine coated 
affli ne groups in coffltte rcially, «~ 

g - ssudes rL °rrouis,MO). 

Sigma chemical Co. l» defined volumes of 

. To form «- microarray. on the polymer- 

distinct polynucleotide* ••fJ£*U» «• " 
coated slice. as aescr ^ l " e , ^ deposited 

an important feature °f the sliae 
polynucleotides remain bound t ^ ^ „ 

l0 surface non-cova J^ion. which 

applied to the substrate «" polynucleotides in 

Oxidisation of «^«;"^ence (single-stranded, 
«. sample to array. The method « 

polynucleotides in the s 
15 illustrated in -*J- ^ . sub3tr ate of the 

T o " 1MttSt \ tt " having an array of same- 
type lust described hut havl , ^ ^re- 
sequence polynucleotides. ^ization 
Xed Clemen -^"^J^. non-hybridised 

20 conditions. «amined by 

M teri»l. the substrate w ^ vlsuaU zed 

by the relatively 

regions. emb odiment, each microarray 

25 in a preferred ^ X polynucleotide or 

• « »t least 10 3 distinct tnan 
contains at leas sur face area of i^s 

mi croarray contains 400 reg & preferred 

30 mm>, or 2.3 x 10' -^° n ^. deS A in the each microarray 
30 ™» ' polynucleotides in n abo ut 

embodiment, the P * define d amount between 
region are present m . in the case of 

Tl femtomole. - "0 - „ £orB hi gb- 

polynucleotides. « above. 
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arrays of this type. -re ^^.riai. 
formed of a weli-defined — ^ 
can be achieved in accordance wit 
forming method described in sectxon 11^ 

A1 .o in a preferred ^^^^ 5 „ bp. 
polynucleotide, have "^nucleotides which 

i.e.. substantially longer than olig ^ ^ 

can be formed in high-densxty arrays by 
synthesis schemes. 

V. BtiUSt inmobili zed nucleic acid sequences 

Microarrays of infflob ^" inventio n can be used 
prepared in accordance ""^^ nuBeroUS 
for large scale hybrxdizatxon ****** ical 

ge ne t ic -p" S ^ ~ 
BapP ing of geno.es ^ of • organisns , 

sequencing, genetic aiagn researchers, 
and distribution of DK» reagents to r 

is hybridized to an ordered ^ array 

the identity of the D»X element. .PP U- ^ ^ 

is un^iguously established ^^"^ a * pUca tion 
pixel, of the array that are d ^ described 

of .uch array «or creat^g a 

; by Kelson, et al. immobilized cloned DHA 

maps of the genome, array, of 

fragment, are ^"^"^^cloned fragments in 
fragments to establish — » before contiguous 
^e probe mixture overlap and «• » ror exaBple , 
0 « the immobilized clones on the array 

X^hrach, et al., describe such „ y also 

The arrays of °"Yo Tlustrate, an 
« „..d for genetic «»^ S ; o£ T : ^ated gene or 

j 5 genes can P twwc 
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only one of ^.7°"^; fraction can lead to a 

The detection of th» Ued DHA £ra gments 

medical ^ S robe aiagnos tics. For 

can also be used in DHA pro m icroorganis» can 

example, the identity of a . saJip le of 

b e established unanimously J*^* J ainln g many 
the unknown pathogen's DN» to arry ^ 
trees of Known pathogenic DHA. 

be used for ^^^^JZ. — » 

organism. Other -—--J^ ^e array or 

cCHA's and m.. can be Bi]cture that is 

alternately used as the labeled p 

applied to the array. olonM 

X„ one application ^ total cD»X fro. 

representing genes is „ tor reM arch or 

an organism to -~ t «T^? totaX cDNA from a normal 
diagnostic purposes. Labeling £rom a 

cell .ith on. color ana 
disease cell with -other colo f 1 ^ to the 

simultaneously hybridising thet ul gene 

array of cDSA clones allows for^ ^ ^ ^ 
expression to be measured as expctlienl can 

fluorophore intensities. ^ ^ different tissue 

be used to monitor gene ^ ^ dru?s> or resp0 nse 
types, disease states. resp °" e o£ this approach 

to environmental factors. ibed wit h respect to 

i, illustrated in Examples 2, descrlb 
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Fig * 8 * i a «d without implying a 

By way of example and ^> ^ be used to 

limi tation of scope, such a proced^ ^ ^ ^ 

simultaneously screen many pa . nvention could be 

stations in a disease identical 0.9 cm * 

used in the form ot^r^ £ • ^ _ . „ CJft 

2.2 cm microarrays fabricate 
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sheet of pUstic-baCced nitrocelMos. -her. each 

microarray couid contain, for — glven 

«*.4«rt all known mutations ox <* y 
fragments representing all »» 

9 e n r The region of interest fro. eac - 0 
samples fro* M patients could be amplified I 

::tirr:p;ro Xta at.i y , . rr -r 

barrier element, between indxvxdual arrays pr y 
^oss anamination of the patxent , 
tbe pores of the »^°° eUOl ° M solid 

support containing all 9* det ected and 

96 patient using 
analysed as a smgle sheet o section 
r .aio»=tive. «»«--*■ J^"* previ ou.ly, such a 
means (Maniatas, et al., "° / • ^.-essing and 

procedure would involve «>e handling. £^J, sealed 
tracxing of .. separate slnal e 
chambers. By process, « ~ cost savings 

sheet of material, significant ti 

are possible. d where the patien t 

The assay format can oe elements 
, eB , B DNA i S immobilized as the array ei 
or organism s D»a is ^ different mutated 

and each array is hybrids ^^[^ supP ort 
allele or genetic »~*~; * £L1SA assa ys. 

can also be used for ^ use of all 

Furthermore, the invention allows t ^ 

standard detection ^'L detection 

, the shallow barrier elements to carry 

step * «.»netic applications listed 

-m addition to the genetic apt** 

above arrtys of whole cells. V^J^' 

antibodies. -^^^^ " 
5 phospholipids, polymers, drug 
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epical substances can be fabricated by the means 
described in this invention for large scale scree 
assays in medical diagnostics, drug discovery, 
secular bioiogy, immunology and ^^^^ 

The .ulti-cell substrate aspect of the inve 
allo „s for the rapid and convenient screening of .any 
Dm pro.es against -any ordered -«s o ^ ^ 
fragments. This eliminates the need 
detect many individual arrays for J*"™^"" 
screenings for genetic research and 
applications, »umerous microarrays can be ^ 

on the s»e solid support ^.^"^"upPort is 
with a different DHA probe while the solid s pp 
processed as a single sheet of material. 

The following examples illustrate, but in no way 
are intended to limit, the present invention. 

yvample 1 

^"TrJlritr^ere randomly amplified PCR 
The array elements were r „K VS ically 
»7 1992) products using physically 

amplification of both the 

, 5-15 )cb yeast insert sequences in rs 
distribution of PCR product between »° "°° 

m,» PCR product was purified using 
in length The ™** ( p h .r«ci., Pi.cat.way, HJ) 
sephadex G50 gel filtration a t roo » 

,„d concentrated amplified 

5 temperature overnight. Eacn oi 
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lambda clone, was rehydr.ted in 15 A °* ' * SSC l " 
preparation for spotting Biorosoop e 

The micro arrays »««. £ * b "^" o£ ,^-Liysine 
siides which were coated with a W« * * 
( sigma,. - auto^ted appar.-^ TamTclone 

w loaded 1 ,1 f* h ™; r ro r 6 well storage plates 
product in 3 x SSC directly fr d .p OS ited 
into the open capillary printmg elem 

slide at 380 micron spacing 
-5 nl of sample per slide ^ repeated 

.pots, on each of 40 slides. The p 

£or ail sampXes - • ""^r^were 

spotting operation was complete, the si 

rehydrated in a humid chamber <>«*"ZZ rive — 

* ••• — rsr^r:- rc^c 

absorbed DHA and then treated la beled 
to reduce non-specific adsorpt on of - ^ ^ 
hybridization probe to the poly J J-oMUMd D „» 
surface. Immediately prior to use ^ ^ 

on the array was denatured in distilled v 

for 2 minutes. -^«+. the 16 

FO r the pooled Chromosome «psr ment^ e 

chromosomes of ^ZZZ Z™*, Kichmond, «. 

in a CHEF agarose gel apparatus I 

Th. si, largest chromosome* were isolated 

slice and the smallest 10 ^ extraction 

slice. The » ».s revered ^--^^ ^ 

Klt (0 i. r . "manner similar to that 

were randomly amplified in Pollow ing 
used for the target ^^Tf^e 
' amplification S * y „ nd om-primer labeled 

chromosome pools «re * ^Ungton Heights, 

using Klenow polymerase «m tlde ana iog 

IW with a lissamine -^f- nucl^ containin , the 

„ TX^r^S. and with a fluorescein 
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con,ugated nucleotide analog <B«B 

coining smallest ten c"°»°=°" S ; J^u^ation 

.ere mixed and concentrated using an 

device <»lc=n. Danvers. *> ' probe 

rive micrograms of the nyo of re was 

consisting of ^ ^^^JT*^ snap cooled 
„d in a «~1 ^ hybrldiM tion solution 
on ice. 2.5 ,1 anfl all 10 Ml 

,5 x SSC and 0.1% SDS) v with a oovet 

transferred to the array surface, 

sli p, placed in a custom-bu It singl e s^ ^ 

-sr^S minutes, -^^2^. - 
A custom built "Nation signals from the 

" 4 Ts TaTara - Tcron resoiution. The 
1.8 x 1.8 cm array ^ „ = , v -»d using custom 

scanned image was gridded and a * 

for optical 

analysis ^ 
crosstalk between the f luorp ^ 
overlapping emission spectra ^ 
hybri di Z ation values for ^ °^ osition of the 

correlated to the ^S^nJJ^ color karyotype 

clone resulting in a computer g 

of the yeast genome. ,„,„ tion pattern of the 

< "Zs""* ^r^ "noicates that the 
Wo chromosome P~"^ ace contains a cloned 

lal ^d, clone on the array ^ ycast 

g .»omic » indicates that the lamb*. 

, chromosomes. ^ ot ^ smallest ten yeast 

olOT e insert ^ -™ ™ indlcate repetitive 
chromosomes. or«g « to ^ chromosome 

sequences which cross by ^ ^ 

pcols. control ^J^J^*.. 
5 hybridization is specific ana r p 
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... physical M p locations^ ^ 
£ r.g.ents W oxson and 

.l„.nts have been P""^ 1 * for ^ au to»atic 

co-workers (Riles, et ml.) a " OWin * n . 7 . 

* _ A i n r- varvotvpe shown in rxyw* 
generation o£ the color ™ karyotype 

The color ox a ^«™\"£ZZ — * 
corresponds to the color -Jf^JL T „. blaok 
containing the clone from that sect ion ^ 
regions « the Retype ^ not 

s pots on the array (10%) « ^ 

covered by the Olson clone ^ <'° ^ ^ 
the largest six chromosomes ™ Mtohlng the 

Sliest ten -"^^^C^""- *~ 

. ^ — -is: 

, Areas or «x SpU rious sample tracking 

rorrr^n : «. — - * 

the a^lixication and ^J^Zn P«bea with 
The yeast genome arrays nave 

fluorescently labeled t P * ^ ^ 

^^rintr^: on the physical ~P - 

yeast. 

25 rumple 2 

P y-., 17 rw «e« n«- section 
- « -ones contSng^^ ~ ~ £S 

^^^^^^1 concentration 

35 ^.rtrrrricnes « . — 
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* ~+*r- hat 4, which had 
representing a .^a^nic "ne - «" 

previously >een used to crea ^ at te „ 

piant «*!**«.. « ^ AraMdopsi* <Scn«na, 

times the level found in wild typ 

Total poly-A *™ ' (H ,„Utis. et al., 

isolated using standard »etno . ^.^ 

198 9> and reverse ™ t tne cDNA product 

£lu ores=ein nudeotide ana -"^.^ was 
(green fluorescence) . * AraMdopsis where 

p .rfor»d with tn. traneoeni ™ lnto «» 

the transcription factor protocols. cDKA 

,eno»e using standard gene transfer P 
copies of *» W «- """T^ * r ed fluorescence,. 
^ a li.sa.ine nucle <£. eaoh type of 
Two microgram, of the cDHA pr t „ ^ ^ 

pl ant were pooled ^-and 

clone array in a 10 B1 Rinsing and 

in a manner similar to Example 1. in a 

, detection of hybridization was al- P ^ 
manner similar to Example 

hybridization pattern of • ^ 

Genes equally ^ essed *" ! ellow due to equal 
transgenic 

Arabidopsis appeared ^ the 

5 contributions of the *reen and - ^ rf 
final signal. The dots are ^ ^ expreSsion . 

yellow indicating various 1 tranScriptio n factor 
The cDNA clone representing ^ ^ Arabidopsis 

HAT4 , expressed in the *ransg AraMdopsis, 

30 -t not -^^J^JT ***** - *> ' 

appears as a red dot (wi sion of ^ 

indicating the preferential 1-d transge nic 

transcription factor in ^ ^ ^ q£ ^ 

Arabidopsis and the reia 
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transcription factor in the green-labeied wild W 
^Taovantaoe of the »i-o.rr.y ial 
concentration of each cD-A spec.es ach.evabl 

*o discover which genes are 
for genomics research to discove 

^f^tTJSl^'lSS:. Oene 
development states or « nviro diagnosis of 

— ZZZ ^.Z ~ — 

patterns to disease states. 

yyample 3, 

A sheet o £ plastic-haCc-d 
oxidded with barrier — — ."-^ The 
— to description - - ^ aiy . As 

■"- t Ma %tr^ » »3 "ones ..=» • ^"« OTt 

shown in Fig- U. 1" M in four 

y east inserts ^ ^ ^ ^ au t»at.d 

quadrants o £ the solid supp ^ ^ 

device described in section m ' nybr ldis.tion 
, ^adrant served as a^e ^^J^^ 

while each of ^^^f^^cieotid. usin, 
e^uitaneousi, with • *i«« ^ „ 

the open- £ .oe hybridization el .« e nts of 

Section IV-A. The first two and last 
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detection step, labeled with fluorescein 

„. oligonucleotides were antlbody 

which was detected using an antl iplta ted an 

conned to -^^T - f ect 
MBT/BCIP *e on the solid PP ^ ^ olones 

„atch.s between the labe « I M ^ 
resulted in da* .P»« ^™>£ scaIlJet „, 
detected using an optical scanner ( tim 
attached to a personal ^^drant indicating 
patterns are different in everj- ?» frM 
Lt each oXi^o found ^ev- 1 unicu^ ^ ^ ^ 
among the 192 with a perfe ^ detectable 

th e open ^fj™^ can be used to 

dimples on the nitrOCe " ^ ^ages. 

automatically align and analyze th 

. c been described with 
Alth ough the invention has it wm be 

respect to specific ^^^T^^ion »ay be *ade 
clear that various changes and modif i 
clear . m ^ invention, 

without departing from ^ 
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IT IS CLAIMED: 

1. A method of forming a microarray of analyte- 
assay regions on a solid support, where each region in 
5 the array has a known amount of a selected, analyte- 
specific reagent, said method comprising, 

(a) loading a solution of a selected analyte- 
specific reagent in a reagent-dispensing device having 
an elongate capillary channel (i) formed by spaced- 

10 apart, coextensive elongate members, (ii) adapted to 
hold a quantity of the reagent solution and (iii) 
having a tip region at which aqueous solution in the 
channel forms a meniscus, 

(b) tapping the tip of the dispensing device 

15 against a solid support at a defined position on the 
surface, with an impulse effective to break the 
meniscus in the capillary channel and deposit a 
selected volume of solution on the surface , and 

(c) repeating steps (a) and (b) until said array 
20 is formed. 

2. The method of claim 1, wherein said tapping is 
carried out with an impulse effective to deposit a 
selected volume in the volume range between 0.01 to 100 

25 nl. 

3. The method of claim 1, wherein said channel is 
formed by a pair of spaced-apart tapered elements. 

30 4. The method of claim 1, for forming a plurality 

of such arrays, wherein step (b) is applied to a 
selected position on each of a plurality of solid 
supports at each repeat cycle proceeding step (c) . 
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5. The method of claim 1, which further includes, 
after performing steps (a) and (b) at least one time, 
reloading the reagent-dispensing device with a new 
reagent solution by the steps of (i) dipping the 
5 capillary channel of the device in a wash solution, 
(ii) removing wash solution drawn into the capillary 
channel, and (iii) dipping the capillary channel into 
the new reagent solution. 

10 6. Automated apparatus for forming a microarray 

of analyte-assay regions on a plurality of solid 
supports, where each region in the array has a known 
amount of a selected, analyte-specif ic reagent, said 
apparatus comprising 

15 (a) a holder for holding, at known positions, a 

plurality of planar supports, 

(b) a reagent dispensing device having ah open 
capillary channel (i) formed by spaced-apart , 
coextensive elongate members (ii) adapted to hold a 

20 quantity of the reagent solution and (iii) having a tip 
region at which aqueous solution in the channel forms a 
meniscus, 

(c) positioning means for positioning the 
dispensing device at a selected array position with 

25 respect to a support in said holder, 

(d) dispensing means for moving the device into 
tapping engagement against a support with a selected 
impulse, when the device is positioned at a defined 
array position with respect to that support, with an 

30 impulse effective to break the meniscus of liquid in 
the capillary channel and deposit a selected volume of 
solution on the surface, and 

(e) control means for controlling said positioning 
and dispensing means. 
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7. The apparatus of claim 6, wherein said 
dispensing means is effective to move said dispensing 
device against a support with an impulse effective to 
deposit a selected volume in the volume range between 

5 0.01 to 100 nl. 

8. The apparatus of claim 6, wherein said channel 
is formed by a pair of spaced-apart tapered elements. 

10 9. The apparatus of claim 6, wherein the control 

means operates to (i) place the dispensing device at a 
loading station, (ii) move the capillary channel in the 
device into a selected reagent at the loading station, 
to load the dispensing device with the reagent, and 

15 (iii) dispense the reagent at a defined array position 
on each of the supports on said holder. 

10. The apparatus of claim 6, wherein the control 
device further operates, at the end of a dispensing 

20 cycle, to wash the dispensing device by (i) placing the 
dispensing device at a washing station, (ii) moving the 
capillary channel in the device into a wash fluid, to 
load the dispensing device with the fluid, and (iii) 
remove the wash fluid prior to loading the dispensing 

25 device with a fresh selected reagent. 

11. The apparatus of claim 6, wherein said device 
is one of a plurality of such devices which are carried 
on the arm for dispensing different analyte assay 

30 reagents at selected spaced array positions. 

12. A substrate with a surface having a 
microarray of at least 10 3 distinct polynucleotide or 
polypeptide biopolymers per 1 cm 2 surface area, each 
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distinct biopolymer sample (i) being disposed at a 
separate, defined position in said array, (ii) having a 
length of at least 50 subunits, and (iii) being present 
in a defined amount between about 0.1 femtomole and 100 
5 nanomoles. 

13. The substrate of claim 12, wherein said 
surface is glass slide coated with polylysine, and said 
biopolymers are polynucleotides. 

10 

14. The substrate of claim 12, wherein said 
substrate has a water- impermeable backing, a water- 
permeable film formed on the backing, and a grid formed 
on the film, where said grid (i) is composed of 

15 intersecting water -impervious grid elements extending 

from said backing to positions raised above the surface 
of said film, and (ii) partitions the film into a 
plurality of water-impervious cells, where each cell 
contains such a biopolymer array. 

20 

15. A substrate with a surface array of sample- 
receiving cells, comprising 

a water- impermeable backing, 

a water-permeable film formed on the backing, and 
25 a grid formed on the film, said grid being composed of 
intersecting water-impervious grid elements extending 
from said backing to positions raised above the surface 
of said film. 

30 16. The substrate of claim 15, wherein the cells 

of the array each contain an array of biopolymers. 



35 



17. A substrate for use in detecting binding of 
labeled biopolymers to one or more of a plurality 
distinct polynucleotides, comprising 
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a non-porous, glass substrate, 

a coating of a cat ionic polymer on said substrate, 

and 

an array of distinct polynucleotides to said 
5 coating, where each biopolymer is disposed at a 
separate, defined position in a surface array of 
biopolymers • 



18. A method of detecting differential expression 

10 of each of a plurality of genes in a first cell type 
with respect to expression of the same genes in a 
second cell types, said method comprising 

producing fluorescence- labeled cDNA's from mRNA's 
isolated from the two cells types, where the cDNA's 

15 from the first and second cells are labeled with first 
and second different fluorescent reporters, 

adding a mixture of the labeled cDNA's from the 
two cell types to an array of polynucleotides 
representing a plurality of known genes derived from 

20 the two cell types, under conditions that result in 

hybridization of the cDNA's to complementary-sequence 
polynucleotides in the array; and 

examining the array by fluorescence under 
fluorescence excitation conditions in which (i) 

25 polynucleotides in the array that are hybridized 

predominantly to cDNA's derived from one of the first 
and second cell types give a distinct first or second 
fluorescence emission color, respectively, and (ii) 
polynucleotides in the array that are hybridized to 

30 substantially equal numbers of cDNA's derived from the 
first and second cell types give a distinct combined 
fluorescence emission color, respectively, 

wherein the relative expression of known genes in 
the two cell types can be determined by the observed 

35 fluorescence emission color of each spot. 
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19. The method of claim 18, wherein the array of 
polynucleotides is formed on a substrate with a surface 
having an array of at least 10 2 distinct polynucleotide 
or polypeptide biopolymers in a surface area of less 

5 than about 1 cm 2 , each distinct biopolymer (i) being 

disposed at a separate, defined position in said array, 
(ii) having a length of at least 50 subunits, and (iii) 
being present in a defined amount between about .1 
femtomole and 100 nmoles. 

0 

20. The method of claim 19, wherein said surface 
is a glass slide coated with poly lysine, and said 
biopolymers are polynucleotides non-covalently bound to 
said poly lysine. 
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Fig. 2C 
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Fig. 4 
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